Introduction and hypothesis This video introduces a 3D highresolution manometry (HRM) system to the field of urogynecology. We demonstrate how to obtain and interpret dynamic urethral pressures with this measurement system and use it to evaluate pre-and postoperative women. Methods The 3D HRM catheter is ∼12 F; 11 cm of its length has pressure sensors with eight circumferentially distributed pressure-sensitive segments that collect and transmit individual pressure measurements to construct a 3D pressure map. In this video, we demonstrate the output display of the 3D HRM measurement system. Results Pressure output maps are shown for one woman with stress urinary incontinence (SUI) and one with a history of SUI who underwent successful midurethral sling insertion. We also show a summary of 3D pressure-measurement patterns of 44 women who underwent pressure measurements to evaluate qualitatively the 3D pressure profile of the urethra in an effort to better understand pelvic floor and urethral sphincter physiology. Conclusions Advanced HRM technology to measure urethral pressures under cough and strain conditions without withdrawal techniques provides new insights into the continence mechanism in continent and incontinent women and after continence surgeries.
Introduction
The objective of this video is to introduce a highresolution manometry (HRM) system [1] to the field of urogynecology. The video demonstrates how dynamic urethral pressures are obtained and interpreted and how the system is used to evaluate pre-and postoperatively women who undergo pelvic surgery. We also demonstrate directionality of forces on the urethra. The clinical utility of urethral pressure measurements in our field has historically been limited by technologies that measure only one point at a time, require withdrawal techniques, or are too slow to capture rapid pressure changes with coughs [2] . High-resolution manometry, which is fast and can measure at once multiple points along and inner circumference of the urethra may be a clinically useful tool for measuring urethral pressures.
Methods
The HRM system shown in this video uses a pediatric esophageal catheter and pressure-sensing software produced by Given Imaging for use in gastroenterology (ManoScan TM ESO, Given Imaging) [1] . Written informed consent was obtained from the patient for publication of this video article and any accompanying images.
We measured urethral and bladder pressures using 2-and 3-dimensional (2D and 3D) HRM catheters. The 2D HRM catheter is ∼8 F and has circumferential pressure sensors along 26.5 cm of its length. The miniaturized solid-state sensors are 4-mm long and provide 2 mm of active sensing area separated by 3 mm of flexible molding, giving 7.5 mm of on center spacing between each of the 36 sensors. Each individual sensor has 16 pressure-sensitive segments distributed circumferentially. Information for computer signal processing derives from the pressure-sensing elements to allow calculation of average circumferential pressures. A pilot study evaluating this technology in the bladder and urethra in continent women and women with stress urinary incontinence (SUI) has been published [2] . The new 3D HRM catheter is ∼12-French; 11 cm of its length has pressure sensors, with eight circumferentially distributed pressure-sensitive segments that collect and transmit individual measurements to construct a 3D pressure map.
In this video, we introduce the HRM equipment and explain the output display of both the 2D and 3D systems in two example studies: one patient is a woman with primary SUI prior to midurethral sling (MUS) surgery, and one is a continent woman after MUS surgery. The equipment is portable and fits easily into a standard clinic examination room (Fig. 1) . Prior to obtaining pressure measurements, patients' bladders were drained with a sterile catheter and then filled with 250 ml sterile water or to a comfortable maximum volume she could comfortably hold for 15 min if this was <250 ml. The catheter was removed, and the HRM catheter was placed such that the tip was ∼5 cm inside the bladder. Bladder and urethral pressures were obtained after 10 s of rest, during three coughs, and during three strain maneuvers. Mean maximum urethral closure pressure (MUCP) was calculated by subtracting the maximum bladder pressures 2 cm proximal to the urethrovesical junction from the maximum urethral pressures during each maneuver.
In this video, we also present pre-and postoperative MUCPs of 21 women with SUI who underwent MUS surgery and 44 who underwent 3D pressure measurements to evaluate qualitatively the 3D pressure profile of the urethra in an effort to better understand pelvic floor and urethral sphincter physiology.
Conclusion
Advanced 2D and 3D HRM technology to measure urethral pressures under cough and strain conditions without withdrawal techniques provides new insights into the continence mechanism in continent and incontinent women and after continence surgeries. Although the accuracy of the pressure measurements may still be limited by artifacts from catheter circumference and rigidity, the fast response rate, multidirectional sensing, and ability to measure pressures along the entire urethra at the same time may prove clinically useful in understanding urethral physiology and incontinence pathophysiology.
Consent All of the women whose images appear in this video gave their permission for publication. Fig. 1 System for measuring urethral and bladder pressures using highresolution manometry. This system is portable and fits easily into a standard clinical examination room. The 3D catheter on a sterile drape on the left side is attached to the processing unit on the right side, with the laptop and display on top, the 3D unit in the middle, and the 2D unit on the bottom. The vertical chamber attached to the table on the far right is used to pressure-calibrate the system prior to each study. After pressure calibration, the catheter undergoes high-level disinfection and is reattached to the processing unit; pressures are zeroed out while the catheter rests horizontally on the sterile drape
